Asymmetry in the Magnetoconductance of Metal Wires and Loops
A. D. Benoit, t'i S. Washburn In analogy with these classical ideas, we will first assume that the asymmetry apparent in Fig. 1 The results of such a decomposition over the full +15-T range of the data shown in Fig. 1 is displayed in Fig. 2(a) . Gs is seen to be almost perfectly symmetric about zero field and GA is nearly antisymmetric, GA(H) = -Gz( -H). The In Fig. 2 (b) we plot 2/ [R (H) + R ( -H) ] for each lead configuration, and all of the curves reproduce Gs from Fig. 2(a) . Thus we find the same symmetries as in the classical case; Gs(H) is independent of probe position and is the unique symmetric value representing the conductance of the sample. (Note that this is not generally true for arbitrary sample shape. )
As discussed by Buttiker, '9 these observations do not violate the Onsager symmetry relations. 20 Onsager defined a set of coefficients that multiply the chemical potential differences at selected parts of the sample and for any given four-wire lead configuration, the resistance is a nontrivial combination of these coefficients. The symmetry relations defined by Onsager are for these coefficients and in general do not apply to any one value of the measured resistance. When these coefficients are properly calculated for our experiments, the predicted symmetries are precisely those demonstrated in Fig. 2(a) .
Experimentally, the Aharonov-Bohm oscillations also exhibit asymmetry. The symmetries displayed in Fig. 3 are precisely those predicted by Buttiker. '9 In a four-probe measurement, the Aharonov-Bohm oscillations need not be symmetric about zero magnetic field. We emphasize that, in contrast to the effects in Figs. 1 and 2, this asymmetry is not due to the magnetic field piercing the wires, but to an Aharonov-Bohm effect in the proper sense -it is due to the flux threading the loop.
The connections to the loop can prevent the observation of an offset if they destroy the wave-functions of the carriers involved, ' but they cannot cause the offset.
A possible source of the asymmetry observed in experiments is the presence of magnetic impurities. 
